INTRODUCTION
Wood is renewable material, easily workable, compatible with its outstanding physical and mechanical properties. Since it is used flats, window and door, furniture, ceilings and floors, stairs, benches, its preservation is important significantly. But the use of wood can be restricted by safety regulations concerned with its ignitability and flame spreading characteristics. The application of a suitable fire retardant system can prevent these problems, thus can be used in many areas of use (Russell et al., 2004) .
The resistance of wood to burning and flame spread have been researched for many years. A wood consists of carbon and hydrogen which make it highly combustible. A fuel, an oxidizer and a source of heat are three main elements in a combustion reaction. The combustion of wood occurs by the pyrolysis of the cellulose and its reaction to oxygen. When the temperature is increased, the pyrolysis starts. The combustion stops if any of the elements is removed (Pabelina et al., 2012) . Many fire retardant techniques include surface treatment with fire retardant chemicals such as fire resisting coatings and pressure impregnations of chemical solutions into wood (White, 1999) .
Fire retardants are mainly based on organic phosphorus, halogens, and metallic oxides. A fire retardant such as phosphorus, aluminum, antimony, chlorides, bromides, and boron-containing compounds can act in physically or chemically. It can cause a charred layer of carbon to form on the surface (Demir et al., 2005) . The fire retardant chemicals act as by conversion of volatile gases to on flammable gases, promotion of char formation, forming an intumescent foam barrier at the surface, free radical termination in the gaseous phase, and occurring a glaze barrier at the surface (Ötsman & Tsantaridis, 2016) . The fire retardants can affect the reaction to fire properties, however this effect is lower for the fully developed fire. When intumescent paints are used the time for start of charring can be delay and the fire resistance can be increased. The fact is that fire retardants cannot make wood non-combustible. The fire performance of fire retardant treated the virgin wood products may degrade depending on time in outdoor applications. The fire retardant chemicals can be removed in the wood surface when the wood surface is exposed to high humidity (Nussbaum, 1988; Östman et al., 2001; Ötsman & Tsantaridis, 2016) . Mineral fillers such as titanium dioxide for intumescent fire retardant coating have attracted much attention in recent years. Titanium dioxide (TiO2) can be also used in coating industry as pigments. Some researchers were found that the presence of rutile type TiO2 could improve the fire resistance of the coating by enhancing char formation (Li et al., 2015; Lam et al., 2011) . Antimony trioxide is usually used as a synergistic energy to improve fire retardancy (Giúdice & Benítez, 2001) .
Pine wood which is a type of softwood grown in many varieties in world has a uniform texture, finishes well, and east to work. It is usually light yellow in color and also some resistance against shrinkage, sharping and swelling (Zhong et al., 2013) . It is considered that these properties will be improved by the use of some chemicals treated wood preservative paint. The wood preservatives contain pentachlorophenol or creosote in oil, water-borne salt treatments, copper, zinc, chromium, arsenic, and other compounds can protect wood against attack by fungi, bacteria, and insects (Thamasson et al., 2006) .
There is a need to search new fire retardant treated wood products with improved long term durability of the reaction to fire performance in many usage areas, recently. The main aim of the study is to obtain an improved fire performance of pine wood surface. In this study, the effects on the flammability (the limiting oxygen index (LOI) and real fire test) of pine wood surface with applied of titanium dioxide and antimony trioxide were investigated owing to the synergy effect of wood preservative paint and these chemicals. The surface roughness, color change, brightness and physical properties of the pine wood surfaces were also measured in according to the relative standards.
MATERIAL and METHODS

Materials:
Pinus sylvestris L. solid wood surface was used for improving its flammability properties in this study. The wood preservative paint was obtained from Polisan, Turkey. Titanium dioxide and antimony trioxide were purchased from Sigma-Aldrich for this study. The purity grades of these chemicals are above 99,99%. Table 1 and 2 show average size of chemicals and sample codes, respectively. 
x --T2 -x -WPP: Wood preservative paint; A: Antimony trioxide; T: Titanium dioxide.
Preparation of wood surfaces:
Firstly, the wood preservative paint is applied onto the pine wood surface. Amounts of fire retardant chemicals were changed in proportion to amounts of titanium dioxide (2% and 5%) and which of antimony trioxide (2%, 5% and 10%). Secondly, they were mixed for 5 minutes with the wood preservative paint, and then applied by a brush onto solid pine surface. Once again was painted by the wood preservative paint after the wood surfaces were dried for 12 hours.
Fire properties: The limiting oxygen index (LOI) test method was determined using a Dynisco Limiting Oxygen Index Chamber according to ASTM D 2863 to measure the minimum oxygen concentration. Four samples with the dimensions of 10 mmx15mmx5 mm were used for each group. All wood samples were placed in vertical glass column and then adjusted oxygen and nitrogen flow. The LOI test determines minimum concentration of oxygen to support combustion of materials in a mixture of oxygen and nitrogen flowing upward in a test column. The five samples for each group were tested.
The real fire test was also performed. The sample dimensions were the same as the dimensions of the LOI sample. All samples were burned to the mark in mm/min. The blowtorch was kept at a distance of 10 cm from the wood surface. The flame was applied for 5 seconds. The flame extinguishing time was recorded after the flame source cut off. Four samples for each group were tested.
Color measurements: All surfaces were removed from dust and dirt to minimize the risk of variation of color values by differences in surface structure. The color measurement was carried out according to CIE L*a*b* method by parameters L*a*b* and ∆E* with a PCE-TCD 100 (CM10P Color Meter). Measurements were realized on both sides of wood samples. The arithmetic mean of these measurements was calculated for each sample. The coordinates L* (lightness or black-white relation), a* (coordinate red-green), b* (coordinate yellow-blue), measured on unpainted and painted solid pine wood were used to determine overall color change ∆E* by using the CIE L*a*b* color measuring system.
Surface roughness: The residual particles remaining after painting were removed by cleaning the surface. Surface roughness of painted or unpainted samples was measured with a profilometer (Mitutoyo SJ-210). Equipment has stylus with 5µ radius and 90° contact angle running at speed of 0.5 mm/s. A total of 25 random measurements with a span of 15 mm were taken from the surface. Mean peak to valley height (Rz) which is well accepted roughness parameter was used an indicator of the surface quality of wood samples. The measurements were performed in different areas, along two different perpendicular directions (longitudinal and tangential).
Surface brightness: The brightness measurements were measured by PCE-GM 100. Measurements were done with a gloss meter which measured at 20°, 60°, and 80° as parallel and perpendicular to the fibers for each wood surface before and after painting.
Physical testing: The thickness swelling (TS) and water absorption (WA) were determined after 2h, 24h, 48h, 72h, 96h and 120h soaking in water in accordance with EN 317.
Statistical Analysis: The statistical analysis was carried out with using SPSS 21.0 statistical package software. The results were statistically tested with the one-way analysis of variance. The significance (P<0.05) between the samples was compared with Duncan homogeneity groups. Each value is an average of 6 specimens and the values in the parentheses are standard deviations.
RESULTS and DISCUSSION
Reaction to fire properties: The results of LOI and real fire test are shown in Table 3 . LOI levels of the samples were in the range of 26,5-27 for pine wood and wood preservative paint. The LOI levels of antimony trioxide and titanium dioxide with samples were ranging from 28,5 to 30. A maximum LOI level was obtained with A10 sample including antimony trioxide of 10%. Antimony trioxide is a well-known pigment for the interference on flame spreading velocity. It shows an adequate fire-retardant behavior during the fire spreading reaction. But it is not effective it by itself. It should be used in combination with halogenated organic compounds. The antimony trioxide increases smoke production since the char analysis shows that about 80-95% of antimony volatilizes. It also decreases concern for the toxicity of antimony oxide (Giúdice & Benítez, 2001) . According to ISO 4589, control and WPP samples were located in "Limited fire retardant material" class while A1, A10, T1 and T2 were classified in "Fire retardant material" class, as seen in Table 4 . For real fire test, the effect of A10 and T2 was important to decrease the flame spreading. The fire retardant chemicals can act combining one or more mechanisms. Titanium dioxide shows a significant physical activity generated by reducing the concentration of the organic part which divides the material in isolated pieces by occupation of pores and amorphous polymer regions. As a result of which a higher amount of heat is required to attain the pyrolysis temperature (Giúdice & Benítez, 2001) . Hashim et al., (2009) reported that lignocellulosic material reduced heat release rate and increased charring rate.
When compared with char weight of all samples, a minimum value was obtained with T2 sample, followed by A10 sample. 
Brightness and Color Properties:
The brightness (80°) values were increased by usage of antimony trioxide and titanium dioxide according to that of pine wood. This is clearly seen Figure 2 . The brightness values of the samples were increased when ratio of antimony trioxide increased from 2% to 10% for antimony trioxide. Similar results were also seen in 2% and 5% ratios of titanium dioxide. The highest values of the brightness were obtained from A10 samples. No significant difference was found between ΔE values of samples with antimony trioxide and titanium dioxide with samples based on Duncan test as displayed in Table 5 . (1,93) *Groups with same letters in column indicate that there is no statistical difference (p < 0.05) between the samples according to Duncan's multiply range tests which were performed separately for each group. ** The values in the parentheses are standard deviations. *** Because UV filter is not used, the results are more than a hundred. Figure 3 shows ΔE values of all samples. There were no apparent differences between the WPP and antimony trioxide for ΔE. As you can see Table 6 , all samples are taken part into so little differences group. It was observed that ΔE is not significantly changed by the addition of 5 wt % of antimony trioxide ratios. However, the addition of antimony trioxide content above 5 wt%, ΔE decreased gradually. ΔE was found to be 2,38-2,44 for WPP with applied by 10% antimony trioxide, and 2,48-3,32 for WPP with applied by 5% titanium dioxide. While titanium dioxide ratios increased, ΔE increased slightly. The reason of this is that titanium dioxide improves brightness and smoothness (Stoneburner, 2014) . Intermediate differences 3,5-5 Apparent differences >5
Obvious differences Surface roughness: Table 5 and Figure 4 indicates Rz values of the samples. The highest Rz value of 8,90µm was found for control sample. Rz values of WPP samples with added antimony trioxide were decreased ranging from 2% to 10%. Rz values of WPP samples with added titanium dioxide were also reduced ranging from 2% to 5%. The minimum Rz value was found for A10 samples while the control had the highest Rz value which was indicated by statistical test. Both WPP samples with antimony trioxide and titanium dioxide for the minimum Rz value resulted in 2,78 µm and 3,98 µm, respectively. The quality of coating applied to surface of wood which being a nonhomogeneous material is affected by several factors such as roughness, porosity, species, density and interaction between coating and the substrate (Cheng & Sun et al., 2006; Ozdemir et al., 2015) . The component of used fire retardants chemicals would be considered one of the mentioned factors influencing roughness as well as bonding between wood preservative paint and the pine wood surface in this study. 
Physical properties:
The water absorption and thickness swelling results of samples after immersion in distilled water for 120 hours are given in Figure 5 and Figure  6 . It was seen that the increasing of water immersion time resulted in WA and TS values to increase for all samples. While the water absorption and thickness swelling of control sample were higher than those of painted samples. The usage of antimony trioxide and titanium dioxide decreased WA and TS. The minimum value for WA was achieved from T2 sample. It is known that fire retardant chemicals prevent the samples to intake water by penetrating to the lignocellulosic material (Donmez et al., 2016) . Some researchers have reported that fire retardants such as zinc borate, aluminum trihydrate, aluminum trihydroxide, sodium aluminate) reduced water absorption and thickness swelling (Gnatowski & Burnaby, 2005; Hashim et al., 2009; Donmez et al., 2016) . 
CONCLUSIONS
Consequently, the LOI results showed that pine wood surface painted with antimony trioxide and titanium dioxide had affirmative effects in comparison with control and WPP. A1, A10, T1 and T2 were in class of "fire retardant material" according to ASTM D 2863. Using A10 as a fire retardant exhibited the best result in terms of fire performance. As the increase in ratio of used chemicals for real fire test, it was concluded that the char weight of the samples was decreased. The long-term thickness swelling and water absorption values of painted with the chemicals have given better results than control. The ΔE of samples painted by using antimony trioxide and titanium dioxide did not change significantly. Increasing titanium dioxide has little improved the ΔE. The brightness value of samples increased while increasing ratio of chemicals. However, Rz values of the samples painted using antimony trioxide and titanium dioxide had a lower in comparison with control and WPP. With an increase in antimony trioxide and titanium dioxide loading, the Rz values decreased slightly.
